The present study examined whether a pre-exercise consumption of glucose by subjects having adhered to a 3-day low carbohydrate (CHO) approximating 100% VO2max can be extended using dietary strategies intended to enhance pre-exercise intramuscular glycogen stores2 3. Maughan and Poole2 showed that when compared with performance following a low CHO diet (2.6% CHO), time to fatigue at 104% Vo2m. could be doubled with a high CHO (84%) diet (from 3.32 min to 6.65 min). A recent investigation conducted in our laboratory also found that when compared with a low CHO diet (12% CHO), a moderate 3-day intake of dietary CHO (58% CHO) significantly improved total work accomplished over five 60-s 'all-out' cycling bouts4. Again with reference to submaximal exercise, a number of researchers have found that when glycogen reserves are critically low during the latter stages of prolonged submaximal exercise, ingestion of glucose can delay the onset of fatigue and help support continued exercise at a relatively high power output5' 6. Having recently confirmed that dietary CHO can significantly influence supramaximal interval performance4, the present investigation was undertaken to establish whether pre-exercise consumption of glucose would influence supramaximal exercise performance of subjects who had followed a strategy intended either to maintain or reduce CHO availability at the muscle.
The present study examined whether a pre-exercise consumption of glucose by subjects having adhered to a 3-day low carbohydrate (CHO) or normal CHO diet would influence supramaximal intermittent exercise performance. Sixteen moderately active men volunteers (mean(s.d.) age 20.0(1.3) years) agreed to undertake three exercise tests over an 8-day period; in addition to completing a VO2m.,. test, the subjects performed two identical maximal interval tests (MIT1 and MIT2). Periods of 3 days separated each of the three tests. The interval tests involved five 60-s 'all-out' cycling bouts working against a resistance of 0.075 kg kg-' body mass; each bout was separated by 5 min of passive recovery. For 3 days preceding the first interval test (MIT1), all subjects adhered to a 'moderate' CHO diet which comprised 59.1% (approximately 4.1 g kg-' body mass) of the daily energy intake as CHO. Following MIT1 and for 3 days before MIT2 subjects were randomly assigned to follow either a moderate CHO diet (60.8%) or a low CHO diet (14.4% or 1.1 g kg-1 body mass). All food and drink consumed during the experimental period was weighed and recorded for later dietary analysis. One hour before MIT2, eight subjects were administered (in single blind fashion) a 15% glucose solution (1 g kg-1 body mass) while the other eight subjects consumed a low-energy sweetened placebo.
During both interval tests, values of work, exercise Vo2, plasma glucose, plasma lactate and venous blood pH were statistically analysed. No changes in performance between MIT1 and MIT2 across conditions were found (P>0.05). However, those subjects who consumed the glucose solution before MIT2 (irrespective of their dietary CHO intake) consumed significantly less oxygen during exercise than those who had been given the placebo solution (P < 0.05). While these findings question the ergogenic potential of consuming glucose before supramaximal exercise, the Vo2 data implicate a possible shift in substrate utilization during repeated sprint exercise after pre-exercise glucose ingestion. Keywords warm-up, cycling at 90W (60r.p.m. at 15N). This was followed by 3 min of stretching. Using the response to exercise during the practice sessions, the initial workload for each individual was chosen to approximate 70-80% VO2max . Subjects maintained each workload for 3 min and, after each 3-min period (during which the pedalling rate was maintained at 60 r.p.m.) additional resistance (5 N) was applied.
The first 60-s collection period began at 2 min (i.e. during the final minute of each workload), with further data sampled at 3-min intervals until the subject, nearing exhaustion, gave a clear signal that he was capable of only a further 60 s of exercise. The final data were collected during this period.
A plateau reflecting less than a 100 ml increase in Vo2 with a 30 W increase in workload was accepted as evidence that maximal oxygen uptake had been achieved. Samples of expired air were collected in 200-1 Douglas bags downstream from a mixing chamber adjacent to the mouthpiece (Hans Rudolph, Kansas City, USA; Model 2700); expired air was analysed following the test. Calibration of the gas analysers (Amatek, Pittsburgh, USA; SOV S-3A/1, and COV CD3A) was carried out immediately before and after each test using a certified gravimetric gas mixture (Commonwealth Industrial Gases, Brisbane, Australia). Minute volume was measured using a chain compensated Tissot tank (Warren E. Collins, Massachusetts, USA) and values of Vo2 were expressed as 1 min-1 and ml kg-min-', corrected to standard temperature, pressure dry.
Maximal interval tests (MIT1 and MIT2)
Three days after the VO2max test, the subjects arrived at the laboratory in a post-absorptive condition to be weighed and to undertake the first interval test. Table 2 provides a summary of the subjects' physical characteristics together with their measures of maximal oxygen uptake. Despite significant differences in CHO intake for eight of the subjects between pre-MIT, and pre-MIT2 (P<0.01), total work accomplished between MIT1 and MIT2 showed no significant change in response to either dietary CHO or glucose solution ( Figure 2) . Bout by bout analysis of work also failed to identify differences across the conditions. The demanding nature of the interval test is reflected by the fatigue profile, especially from bout 1 to bout 3 ( Figure 3 ). Work over these three intervals showed a mean decrease of 33% (P< 0.01) but thereafter appeared to plateau with an average decrease in performance of only 5.5% (P > 0.05) being recorded between bouts 3 and 5 (n 16). Unfortunately, changes in power output within each 60-s bout could not be measured.
Although dietary CHO had no significant influence on exercise oxygen consumption between MIT1 and MIT2, when glucose and placebo solutions were compared, irrespective of CHO intake, a significant difference in oxygen consumption emerged (P < 0.05). Figure 4 shows that those subjects who ingested the placebo drink 1 h before MIT2 consumed more total oxygen during exercise than those who ingested the 15% glucose solution pre-MIT2. However, post-hoc analysis failed to identify differences in exercise Vo2 between individual bouts. during each recovery bout, differences across conditions with respect to exercise-induced changes in peak plasma glucose concentrations were not found. Similarly, dietary CHO and pre-MIT2 solution exerted no significant influence either on resting or exercise plasma lactate concentrations. Although VO2max differed by only 3.1ml kg-' minbetween the two groups of volunteers, differences in the total work output in the interval test suggest a contrast in the subjects' ability for 'anaerobic' exercise. Although not entirely clear, this difference in ability may account for the disparity between the two investigations.
A number of previous studies have demonstrated the extent to which muscle glycogen can be significantly reduced in response to high-intensity interval exercise. For example, MacDougal et al.10 required their six subjects to cycle at 140% VO2max for as many repeated 60-s bouts as possible; each bout was separated by 3 min of recovery, and the exercise test was terminated when subjects were unable to maintain 30 s of continuous exercise. Time to fatigue ranged from 6 to 16min, and the authors reported that the more highly trained subjects achieved the greatest absolute power outputs but incurred the shortest total exercise times. Muscle glycogen sampled from the vastus lateralis at fatigue, was reduced by a mean of 70% from resting values. In a similar study which used less intense exercise, Thompson et al." required their subjects to cycle at 120% Vo2mna for ten 60-s bouts. Total muscle glycogen fell by an average of 52% from rest to completion of the tenth bout, while glycogen in the Type Ilb fibres was reduced by 77%. When one also considers that muscle glycogen can be reduced by as much as 25% following a single 30-s sprint'2, the exercise protocol and CHO restriction employed in the present study was expected to elicit significant changes in performance. Again with reference to differences in the ability for high intensity exercise, it is possible that when compared with those subjects involved in our previous study, the present 16 subjects differed with respect to their substrate utilization.
No differences in exercise Vo2 were identified between MIT, and MIT2 with respect to CHO intake.
However, analysis of variance found that those subjects who had been administered the glucose solution before MIT2 consumed less total oxygen than those who were given the sweetened low-energy placebo (P < 0.05). An explanation for this finding is not readily apparent, especially as total work accomplished failed to change in response to the same treatment. Low subject numbers in each subgroup (n = 4), coupled with large standard deviations ( Figure 4 ) also limit speculation. As plasma free fatty acids (FFAs) and glycerol were not measured, it is not possible to suggest that a shift in FFA utilization was related to the differences in Vo2.
However, the subjects, even in their final exercise bout, averaged a power output close to 400 W, at least equivalent to the intensity corresponding to their final VO2max work load. Although McCartney et al. 13 have proposed that FFAs may contribute to the energy yield during such high intensity exercise, convention suggests that CHO and creatine phosphate are the only fuel sources capable of meeting such a high rate of adenosine triphosphate (ATP) resynthesis during exercise in which oxygen delivery to the muscles is compromised.
Peak plasma lactate and post-exercise blood pH were measured to detect possible differences in substrate utilization induced by the experimental procedures, but as neither variable significantly differed in response to dietary manipulation or solution administered, significant changes in substrate utilization during exercise remain questionable.
When the present data are considered in light of those from our previous investigation4, it appears possible that training status and/or 'sprint' ability may be significant factors determining the influence which dietary CHO exerts on supramaximal intermittent exercise performance. Further understanding of the physiological responses to exercise of this nature would benefit from before and after exercise measures of muscle glycogen to be coupled with both oxygen consumption and the estimated contribution of FFAs to the exercise demand.
